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ABSTRACT 


Reception  characteristics  of  WWV  (from  2.5  to  25  mc/s)  at  five  Canadian  sta¬ 
tions  are  shown  to  have  regular  durnal,  seasonal,  latitudinal,  and  frequency 
variations  on  ionospherically  quiet  days.  A  detailed  comparison  of  reception 
quality  and  ionospheric  parameters  during  a  disturbed  period  shows  that  condi¬ 
tions  on  different  frequencies  and  propagation  paths  are  closely  related  to  the 
morphology  of  the  ionospheric  disturbance.  On  disturbed  days,  reception  of  the 
lower  WWV  frequencies  (from  2.5  to  10  mc/s)  in  polar  latitudes  is  affected  pri¬ 
marily  by  polar  cap  and  auroral  zone  absorption,  while  that  of  the  higher  fre¬ 
quencies  (from  15  to  25  mc/s)  is  affected  primarily  by  depressed  F2  critical 
frequencies  and  sporadic  E  support. 
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I.  INTRODUCTION 


During  ionospheric  and  geomagnetic  disturbances,  high  frequency  (hf)  radio 
transmissions  may  be  disrupted  for  several  days  at  a  time,  especially  in 
Arctic  regions,  although  all  circuits  and  frequencies  are  not  usually  affected 
simultaneously  or  with  the  same  severity.  With  WWV  reception  quality  data 
which  have  been  obtained  at  five  Canadian  stations  (Fig.  1)  during  the  Inter¬ 
national  Geophysical  Year  (Canadian  Defence  Research  Board,  1957),  it  is  now 
possible  to  study  radio  conditions  for  a  wide  range  of  frequencies  (from  2,5  to 
25.0  me/ s)  and  geographical  area  in  the  Arctic  during  disturbed  periods. 

Recently,  the  morphology  of  polar  ionospheric  storms  has  been  studied  with 
the  aid  of  synoptic  charts  of  ionospheric  parameters  (Hill,  1960),  and  these 
charts  can  be  used  to  analyze  communication  conditions  for  the  whole  hf  band 
at  a  given  instant  throughout  the  polar  regions.  This  technique  is  used  to  show 
the  behavior  of  radio  reception  during  the  major  ionospheric  disturbance  of  12- 
14  September  1957. 

A  short  summary  of  quiet-day  reception  of  WWV  in  polar  regions  (Herman  and 
Penndorf,  1961)  is  given  to  illustrate  diurnal,  seasonal,  latitudinal,  and  frequency 
variations  in  signal  quality  along  the  different  propagation  paths. 

The  signals  which  were  transmitted  by  WWV  were  aurally  monitored  hourly  on 
the  basis  of  the  S-scale,  which  consists  of  the  whole  numbers  0-9  representing 
no  reception  to  excellent  quality.  The  S-scale,  which  is  dependent  upon  such 
parameters  as  signal  strength  and  amount  of  fading,  is  strongly  subject  to  per¬ 
sonal  bias.  Some  users  seem  to  prefer  the  odd  numbers,  while  others  favor 
the  even.  To  minimize  this  odd-even  choice  of  numbers,  the  0-9  index  has 
been  compressed  to  only  five  characters  from  0  to  4,  representing  useless, 
poor,  fair,  good,  and  excellent  reception,  respectively. 

As  a  measure  of  normal  conditions,  the  mean  hourly  reception  for  the  five  inter¬ 
national  geomagnetically  quiet  days  is  used  because  the  medians  have  been  found 
to  be  seriously  depressed  during  months  having  a  large  number  of  disturbed  days. 
Geomagnetically  quiet  days  with  abnormal  polar  cap  absorption  are  excluded 
from  the  measure  of  normal  conditions. 
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Figure  1  LOCATION  OF  TRANSMITTING  AND  RECEIVING  STATIONS 

61-4410 
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II.  QUIET -DAY  VARIATIONS 


A.  SEASONAL  VARIATIONS 

The  hourly  reception  quality  (0-4  scale)  of  each  frequency  at  Churchill  is  shown 
in  figure  2  for  the  months  of  September  and  December  1957,  and  March  and  June 
1958,  to  illustrate  the  quiet-day  reception  characteristics  during  the  different 
seasons.  The  important  seasonal  variations  for  all  the  stations,  excepting 
Ottawa,  can  be  seen  from  this  figure.  These  other  four  stations  are  all  more 
than  1000  nautical  miles  distant  from  the  WWV  transmitter,  so  that  skipping  is 
not  a  problem,  and  the  differences  in  inverse- square  distance  loss  between  the 
various  paths  are  negligible  (Rawer,  1957).  The  controlling  factor  in  station- 
to-station  variations  in  the  seasonal  characteristics  of  reception  is  thus  pri¬ 
marily  the  latitude  dependence  of  the  ionospheric  parameters. 

On  5  and  10  mc/s,  the  signal  drops  out  earlier  in  the  morning  and  recovers 
later  in  the  evening  in  summer  than  in  winter;  and  moreover,  the  trend  is  more 
pronounced  with  increasing  latitude.  This  reflects  the  well-known  solar  control 
of  D-region  absorption.  Studies  by  Davies  (I960)  show  similar  behavior  in  the 
absorption  of  2  mc/s  vertical  incidence  signals  which  have  been  measured  at 
the  same  four  stations. 

The  20  and  25  mc/s  frequencies  show  little  solar  control,  and  their  seasonal 
variation  follows  more  closely  that  of  the  F  region.  For  example,  the  noontime 
foF2  reaches  a  maximum  during  winter  in  the  northern  latitudes,  so  that  higher 
frequencies  can  be  received.  Thus,  Churchill,  Baker  Lake,  and  Resolute  Bay 
received  25  mc/s  signals  in  December,  but  not  at  all  in  June.  Also,  much  better 
reception  of  20  mc/s  was  obtained  during  December  than  during  June. 

ihe  data  for  Ottawa  show  no  well-defined  seasonal  variation  except  for  2.5  mc/s. 
Above  5  mc/s,  depending  on  frequency,  the  signal  is  either  in  all  the  time  (10 
and  15  mc/s)  or  out  all  the  time  (20  and  25  mc/s)  at  Ottawa.  This  constancy  is 
due  to  the  relatively  short  distance  of  about  400  nautical  miles,  which  places 
Ottawa  within  the  skip  distance  for  20  and  25  mc/s,  and  allows  moderate  inverse - 
square  distance  attenuation  for  the  lower  frequencies. 

B.  DIURNAL  VARIATIONS 

The  diurnal  pattern  on  the  lower  frequencies  is  characterized  by  a  regular  night 
reception.  A  fairly  sharp  dropout  occurs  shortly  after  sunrise,  with  no  recep¬ 
tion  throughout  the  daylight  hours,  which  is  followed  by  a  fairly  quick  recovery 
after  sunset.  The  high  frequencies  behave  differently.  They  come  in  shortly 
after  sunrise,  maintain  good  quality  during  the  day,  and  decrease  fairly  rapidly 
around  sunset.  No  reception  occurs  at  night. 
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Figure  2  QUIET -DAY  RECEPTIC»<  OF  WWV  AT  CHURCHILL 

61-4776 
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The  lowest  frequency  of  2.5  mc/s  goes  out  first  in  the  morning  which  is  followed 
by  the  5.0,  and  finally,  by  the  10.0  mc/s  signal.  The  evening  recovery  is  ex¬ 
perienced  by  the  10.0  mc/s  signal  first;  this  is  followed  by  the  two  lower  fre¬ 
quencies,  respectively.  Proceeding  up  the  frequency  scale,  the  intermediate 
frequency  at  15.0  mc/s  shows  increased  reception  quality  first  after  sunrise, 
then  followed  by  the  20.  0,  and  finally,  the  25.  0  mc/s  signal.  In  the  evening, 
dropout  occurs  in  reverse  order.  "S' 

C.  LATITUDINAL  VARIATIONS 

For  single-hop  F2 -layer  transmission  from  Washington  to  Winnipeg,  Churchill, 
and  Baker  Lake,  it  is  found  that  the  midpoints  of  the  great  circle  paths  lie  with¬ 
in  a  degree  or  two  of  the  85°W  meridian.  In  addition,  using  a  ray-path  approxi¬ 
mation,  it  turns  out  tnat  the  WWV  signals  enter  and  leave  the  D  layer  (80  km 
height)  at  about  79°  and  920W  longitude,  respectively,  for  these  stations.  Thus, 
a  station-to-station  comparison  will  reveal  only  the  latitude  variations. 

The  variation  with  latitude  of  useful  reception  can  be  seen  in  figure  3,  in  which 
the  number  of  hours  per  day  of  fair-to-excellent  quality  is  plotted  as  a  function 
of  latitude  for  each  frequency.  In  general,  the  frequencies  from  2.5  to  10  mc/s 
show  a  decrease  of  number  of  hours  of  useful  reception  with  increasing  latitude, 
bux  an  improvement  in  reception  appears  just  north  of  the  auroral  zone  for  5.0 
and  10.0  mc/s. 

Practically  no  latitude  variation  is  evident  on  15.0  mc/s  as  it  is  received  nearly 
all  of  the  time  during  quiet  conditions.  This  frequency  appears  to  be  high 
enough  to  escape  regular  D-region  absorption,  yet  low  enough  to  avoid  trans¬ 
mission  loss  due  to  MUF  (maximum  usable  frequency)  failure,  at  least  during 
the  high  solar-activity  years  of  1957  and  1958, 


*It  is  felt  chat  the  progressive  dropout  times  of  the  different  frequencies  are  primarily  due  to  the  changing  ionospheric 
condition.  However,  the  output  power  of  WWV  is  not  constant  with  frequency;  and  moreover,  the  variation  of  power  with 
frequency  is  in  the  same  direction  as  the  progression  of  dropout  time.  Thus,  if  the  power  were  constant  with  frequency, 
the  spread  between  dropout  times  of  the  different  frequencies  would  be  smaller.  According  to  the  ITT  Handbook  (1956), 
the  WWV  transmitter  power  is  as  follows: 


Frequency 

power 

Power  j 

mc/s 

kw 

mC/'s 

kw  I 

1 

2.5 

15 

5.0 

20 

10.0 

25 

This  variation  in  power  is  partially  responsible  for  the  generally  better  reception  on  10.0  and  15.0  mc/s  as  compared  to 
the  other  frequencies. 
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Figure  3  LATITUDE  VARIATION  OF  QUIET-DAY  WWV  RECEPTION 

61-4777 
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At  the  high  frequencies,  20  and  25  mc/s,  the  controlling  factor  on  signal  recep¬ 
tion  is  the  F2 -layer  critical  frequency  modified  by  a  multiplicative  secant  factor 
which  depends  upon  the  distance  between  stations  and  the  F2 -layer  height.  Most 
of  the  time  at  20  mc/s,  there  is  little  latitude  variation  in  signal  reception.  At 
25  mc/s,  there  are  more  or  less  erratic  latitudinal  variations.  Since  25  mc/s 
is  near  the  MUF  during  the  early  afternoon  hours,  reception  at  this  frequency  is 
sensitive  to  foF2  and  h'F2  variations,  and  so,  the  latitude  variation  is  erratic.  ♦  At 
Ottawa,  there  is  no  reception  of  either  20  or  25  mc/s  because  the  angle  of  in¬ 
cidence  of  the  signal  path  with  F2  layer  is  high. 

D.  VARIATIONS  DURING  DISTURBANCE 

It  has  been  shown  in  the  preceding  section  that  quiet-day  reception  of  vVWV 
has  definite,  predictable  characteristics  which  are  closely  associated  with  iono¬ 
spheric  behavior.  Reception  quality  during  the  severe  ionospheric  storm  of 
12-14  September  1957  will  now  be  discussed  in  light  of  its  morphology  as  treated 
by  Hill  (1960). 

Hourly  reception  of  the  six  WWV  frequencies  between  2.  5  and  25  mc/s  is  plotted 
in  figure  4  for  each  of  the  five  Canadian  stations  during  the  period  12-14  Septem¬ 
ber.  Quiet-day  variations  throughout  the  three -day  period  are  depicted  by  dashed 
lines  in  figure  4,  and  Greenwich  Mean  Time(GMT)  is  used  for  easier  compari¬ 
son  of  propagation  and  ionospheric  variations. 

The  12-14  September  disturbance  begins  with  a  polar  cap  absorption  (PCA) 
event  at  about  0600Z  on  12  September,  following  a  class  III  solar  flare  occur¬ 
ring  at  0245Z,  11  September.  Initially,  the  PCA  is  confined  to  the  near  polar 
region  above  74°N  latitude  in  the  longitudinal  sector  covering  the  receiving  sta¬ 
tions  of  interest  here.  The  geographical  extent  and  intensity  of  the  PCA  at  0600Z, 
12  September,  are  illustratedin  the  synoptic  chart  shown  in  figure  5.  Subsequent¬ 
ly,  this  D-region  ionization  (as  indicated  by  )  spreads  toward  the  auroral 
zone,  and  by  1500Z,  12  September,  it  has  extended  southerly  to  about  60°N. 

By  the  time  of  the  sudden-commencement  geomagnetic  storm  (SC  0046 Z,  13 
September),  the  enhanced  D-region  ionization  has  reached  the  auroral  zone. 

After  the  SC,  the  gradually  returns  to  normal  over  the  polar  cap,  while 

the  absorption  remains  high  in  the  vicinity  of  the  auroral  zone.  The  auroral - 
zone  disturbance,  in  the  form  of  a  ring,  then  moves  farther  south,  and  begins 
breaking  up  about  12  hours  after  the  SC. 

Beginning  with  the  SC,  a  large  area  of  intense  sporadic  E(foEs)  develops  over 
Canada,  moves  southward,  and  begins  dissipating  near  midday  (SC  plus  12  hours). 
The  extent  of  the  sporadic  E  disturbance  at  0300Z,  13  September,  some  2  hours 
and  15  minutes  after  SC,  is  shown  in  figure  6  for  illustration.  At  about  the  same 
time,  an  F-layer  disturbance  (foF2)  begins  in  the  low  latitudes  and  spreads  over 
most  of  the  northern  hemisphere  on  13  September.  A  disturbance  in  the  F  layer 


•For  •  fiven  distance  and  critical  frequency,  lowering  the  reflection  height  (h'F2)  decreases  the  angle  of  inciJince, 
which  in  turn  increases  the  MUF. 
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Figure  4e  DISTURBEO-DAY  RECEPTION  OF  WWV  ON  2.5  MC/S  (TOP)  AND 

5.0  MC/S  (BOTTOM) 

61-4416 

All  timet  ore  GMT.  Dethed  line  it  overage  quiet.day  reception. 
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QUALITY  INDEX  ON  0-4  SCALE 
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Figure  4b  DISTURBED -DAY  RECEPTION  OF  WWV  ON  10  MC/S  (TOP)  AND  15 

MC/S  (BOTTOM) 

61-4414 


All  time*  ore  GMT.  Dashed  line  i«  overage  guiet-day  receptien. 


-9- 


1957 

OMT 


Figure  4c  DISTURBED-DAY  RECEPTION  OF  WWV  ON  20  MC/S  (TOP)  AND  25 

MC/S  (BOTTOM) 

61-4415 

All  tiiMt  era  GMT<  Dethed  line  it  everege  qwiet-dey  reception. 
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Figure  5  SYNOPTIC  CHART  OF  POLAR  CAP  ABSORPTION  AT  0600Z  -- 

12  SEPTEMBER  1957 
61-6080 


The  lewett  fteeuency  which  it  rtcordid  bjr  vertical  incidence  itnetendet  it  uted  at  the  meeture  of 
ebeerptien  in  Hill't  (1960)  enelytit,  velvet  at  a  given  time  which  ore  receided  at  ttotient  throughout 
the  paler  regioa  ore  plotted  on  the  mept,  end  then,  itepletht  are  dtewn  through  eguel  veluet.  Seem  tmeething 
it  dene  to  ollew  for  difftrencet  in  eguipownt  charecterlttict  between  ttotient.  Chortt  are  centtructed  at 
three  hour  intervelt  threvgheut  the  period  ef  ienetpheric  ditturbonce. 
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Figure  6  SYNOPTIC  CHART  OF  foE»  AT  0300Z  --13  SEPTEMBER  1957 

61-6081 


Mop*  of  tho  foEi  dittwrbonco,  which  an  indicorod  by  th*  highotf  (roquoncy  rofuniod  by  ih*  iparadie  loyor, 
or*  eemtnictod  « throo^Mw  intorvol*  threvqheof  th*  diitwbod  period  in  o  monnar  •imilor  to  tho  PCA  chort* 
which  ore  illiwtrotod  In  figur*  S. 
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is  typified  by  markedly  depressed  critical  frequencies.  That  the  critical  fre¬ 
quencies  are  depressed  in  the  F  layer  is  quite  evident  at  1200Z,  13  September, 

11  hours  and  15  minutes  after  SC,  as  illustrated  in  figure  7.  On  14  September, 
the  foF2  pattern  becomes  highly  disturbed,  but  returns  to  near  normal  by  the 
end  of  the  day. 

The  variations  in  WWV  reception  quality  illustrate  very  graphically  the  effects 
of  the  disturbance  on  hf  radio  propagation,  and  the  reason  why  all  frequencies 
and  circuits  are  not  affected  at  the  same  time  or  with  the  same  severity.  For 
this  purpose,  it  is  convenient  to  discuss  the  curves  of  figure  4  on  a  day-to-day 
basis,  and  in  order  of  increasing  frequency. 

1 .  11  September  1957 

The  solar  flare  marking  the  beginning  of  the  disturbance  (0245Z)  is  accom¬ 
panied  by  shortwave  fadeouts  in  die  sunlit  portion  of  the  earth,  but  the  five 
circuit  paths  of  interest  here  are  all  dark,  and  thus  are  unaffected  by  the 
flare.  Reception  of  all  six  frequencies  (not  shown)  is  near  normal  at  all 
stations  on  this  day,  and  reception  of  the  lower  frequencies  at  the  higher 
latitude  stations  is  better  than  average,  indicating  lower  than  usual  absorp¬ 
tion.  The  day,  11  September,  is  the  quietest  of  the  five  international  geo- 
magnetically  quiet  days  of  the  month. 

2.  12  September  1957 

Early  in  the  day,  12  September,  conditions  in  the  ionosphere  are  about  nor¬ 
mal.  Polar  cap  absorption  begins  about  0600Z  near  the  North  Pole,  grad¬ 
ually  spreads  southward  and  intensifies.  By  the  day's  end,the  PCA  is  fully 
developed  and  extends  with  blackout  conditions  to  the  auroral  zone.  The 
F2  layer  behaves  as  normal  during  this  period. 

Reception  is  normal  on  2. 5  mc/s  at  the  two  lower  latitude  stations  (Winnipeg 
and  Ottawa),  and  better  than  usual  at  Churchill.  An  hour  of  fair  reception 
is  experienced  at  Baker  Lake  at  0800Z,  indicating  some  transient  sporadic 
E  support.  The  behavior  of  this  frequency  shows  that  the  polar  cap  absorp¬ 
tion  has  not  spread  very  far  south  by  1200Z. 

The  effects  of  the  PCA  become  apparent  at  Resolute  Bay  on  5.0  me /s  at 
0900Z  when  the  signal  drops  out  two  hours  early.  Reception  is  near  nor¬ 
mal  at  the  other  four  stations  during  the  first  half  of  the  day.  At  Baker 
Lake  and  Churchill,  the  regular  evening  improvement  in  reception  is  not 
manifested,  but  the  5.0  mc/s  signal  does  return  as  usual  at  Winnipeg,  in 
keeping  with  the  southerly  extent  of  the  PCA. 

On  10.0  mc/s,  the  dropout  due  to  polar  cap  absorption  is  quite  obvious  at 
Resolute  Bay,  beginning  at  0900Z  and  lasting  throughout  the  day.  The  drop¬ 
out  begins  about  three  hours  later  (IZOOZ)  at  Baker  Lake,  reflecting  the 
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Figure  7  SYNOPTIC  CHART  OF  £oF2  AT  1200Z  --  13  SEPTEMBER  1957 
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The  feF2  impe  ere  elto  pfepered  at  three  hovr  Intervale  threvgheut  the  diitwrbenee.  The  lelid  llnee  shew 
nereiat  petteme,  while  the  deehed  llnee  Indicate  Hw  reglene  where  feF2  le  depreeeed  3  end  6  me/e  below 
the  Septeeiber  eiedlen. 


southerly  movement  of  the  PCA,  and  the  signal  remains  out  until  2300Z. 

At  about  1500Z,  reception  at  Churchill  begins  dropping  below  normal,  and 
thereafter,  on  12  September,  remains  depressed  with  wide  fluctuations. 

This  again  reflects  the  spread  of  the  PCA,  and  is  in  agreement  with  the  re¬ 
ported  time  of  arrival  of  the  PCA  over  Churchill.* 

Some  high  absorption  farther  south  is  apparent  at  Churchill  on  10.0  mc/s 
for  two  hours  (1 100-1200Z),  and  to  a  lesser  extent  at  Winnipeg  and  Ottawa. 
This  two-hour  depression  does  not  occur  at  Baker  Lake,  indicating  that  the 
absorption  region  is  fairly  localized  and  is  not  in  a  position  to  affect  the  path 
from  Washington  to  Baker  Lake. 

On  15.0  mc/s  at  Resolute  Bay,  reception  drops  out  at  0900Z  due  to  the  PCA, 
and  remains  out  for  the  rest  of  the  day  except  for  occasional  reports  of  poor 
reception.  Because  absorption  is  less  effective  for  higher  frequencies,  and 
due  to  the  relatively  higher  output  of  WWV  on  this  frequency  (see  footnote, 
p.  5  ),  reception  of  15.0  mc/s  at  Baker  Lake  and  Winnipeg  is  not  materially 
affected  on  12  September.  Signal  quality  at  Churchill  is  somewhat  depressed 
during  the  early  morning  hours  (from  0600  to  1200Z),  and  reception  at  Ot¬ 
tawa  is  below  normal  from  about  1200Z  to  2200Z. 

Reception  on  20.0  mc/s  at  Resolute  Bay  is  reduced  about  one  quality  point 
in  the  latter  half  of  12  September,  and  indicates  the  intense  absorption  which 
is  associated  with  PCA  at  high  latitudes.  Only  slight  departures  from  nor¬ 
mal  are  experienced  at  Baker  Lake,  Churchill,  and  Winnipeg  for  two  rea¬ 
sons.  First,  intensity  of  the  PCA  at  these  lower  latitudes  is  not  sufficient 
to  absorb  20  mc/s;  and  second,  the  foF2  disturbance  has  not  yet  begun  so 
that  no  MUF  failure  has  occurred.  Fair-to-good  signals  were  observed  at 
Ottawa  every  two  or  three  hours  during  the  second  half  of  12  September; 
this  is  in  agreement  with  the  lower  than  usual  virtual  heights  for  the  F2 
layer  between  Washington  and  Ottawa. 

For  25.0  mc/s,  no  reception  is  expected  at  Resolute  Bay  and  Ottawa,  with 
only  five  hours  of  poor  or  fair  quality  at  Churchill.  Thus,  the  25.0  mc/s 
data  are  not  well-suited  for  the  present  analysis,  except  to  show  occasional 
effects  of  sporadic  E  propagation. 

3.  13  September  1957 

On  13  September,  large  changes  occur  in  the  amount  of  ionization  in  the  O, 

E,  and  F  layers.  The  PCA  reaches  maximum  development  around  OOOOZ 
and  dissipates  rapidly  thereafter.  By  0600Z,  the  PCA  in  Canada  has  about 
ended.  However,  around  0300Z,  auroral  zone  absorption  occurs  in  connec¬ 
tion  with  the  geomagnetic  storm.  This  absorption  spreads  southward  from 

•Since  the  maps  are  constructed  at  three*hour  intervals  (see  Fi(i.  5),  the  precise  arrival  time  cannot  be  determined;  but 
it  can  be  shown  by  interpolation  that  the  PCA  has  pro,{ressed  far  enou,;h  south  of  Churchill  to  affect  10  mc/s  after 
1500Z. 
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the  auroral  zona  and  diasipatea  after  1200Z.  A  atrong  layer  of  aporadic  E 
developa  over  Canada  around  0200  or  0300Z  and  laata  until  after  0900Z. 

Thia  layer  alao  apreada  aouthward.  The  F2 -layer  critical  frequency  begina 
to  decreaae  between  0300  and  0600Z.  By  0900Z,  the  foF2  ia  well  below  ita 
normal  value  and  remains  ao  throughout  the  day. 

Thus,  on  2. 5  me /a.  no  reception  is  experienced  from  Winnipeg  northward. 
The  usual  reception  quality  diurnal  rise  takes  place  at  Ottawa  at  the  begin¬ 
ning  of  the  day,  but  at  0300Z,  the  signal  is  lost  because  of  the  southward 
movement  of  the  auroral  zone  absorption. 

The  5. 0  me  / s  frequency  is  not  received  at  all  at  Resolute  Bay  or  at  Churchill 
because  of  auroral  zone  absorption.  Winnipeg  begins  to  feel  the  effects  of 
the  auroral  zone  absorption  on  this  frequency  at  0300Z,  and  the  signal  re¬ 
mains  out  until  the  end  of  the  day.  The  absorption  is  not  high  enough  to 
cause  complete  blackout  on  5.0  mc/s  at  Ottawa  until  1300Z,  some  twelve 
hours  after  the  sudden  commencement.  Recovery  of  the  signal  occurs  late 
in  the  day  on  1  3  September. 

The  sporadic  E  layer,  which  begins  developing  over  Hudson  Bay  just  after 
the  sudden  commencement,  becomes  intense  enough  to  allow  reception  for 
a  few  hours  in  the  forenoon  at  Baker  Lake  despite  absorption.  Signals  evi¬ 
dently  are  being  propagated  between  the  F2  and  Es  layers  until  they  pene¬ 
trate  to  ground  at  the  latitude  of  Baker  Lake.  No  reception  occurs  at  Chur¬ 
chill,  however,  because  the  sporadic  layer  at  that  latitude  is  too  intense 
(foEs  =  6  mc/s)  for  penetration.  The  reasonableness  of  this  suggested 
propagation  mode  is  supported  by  the  foEs  pattern  at  0900Z,  13  September, 
as  shown  in  figure  8. 

For  1 0.  0  me / s  at  Resolute  Bay,  no  reception  is  reported  until  2000Z  on  13 
September.  Before  1300Z,  the  auroral  zone  absorption  is  still  sufficient 
to  cause  complete  loss  of  signal,  but  reco\  ery  late  in  the  day  coincides 
with  the  normal  diurnal  variation  of  the  10.  0  mc/s  signal. 

Baker  Lake  and  Churchill  experience  similar  behavior  because  of  absorp¬ 
tion,  but  the  location  and  intensity  of  the  sporadic  E  disturbance  allows 
occasional  reception  at  both  stations  throughout  the  day.  Reception  at 
Winnipeg  is  mostly  zero  between  0200  and  1200  in  agreement  with  the  south¬ 
ward  expansion  of  the  auroral  "ring-type"  absorption.  After  1200Z,  recep¬ 
tion  is  good  at  Winnipeg,  indicating  the  decrease  in  auroral  zone  absorption. 
At  Ottawa,  the  signal  quality  is  depressed  for  about  six  hours  near  the 
middle  of  the  day. 

On  15.0  mc/s,  the  signal  recovers  at  about  2100Z  at  Resolute  Bay  after 
being  out  or  poor  all  day,  and  as  compared  with  10.0  mc/s,  it  shows  the 
smaller  effect  of  absorption  on  the  higher  frequency.  Reception  at  Baker 
Lake  and  Churchill  also  is  better  than  on  10.0  mc/s,  revealing  the  combined 
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Figure  8  SYNOPTIC  CHART  OFfoEe  AT  0900  --  13  SEPTEMBER  1957 

61-6083 


-17- 


•ffecti  of  ■poradic  E  support  and  smallar  absorption.  At  Winnlpsgi  ths 
signal  reception  is  poor  at  0300Z  and  0400Z  due  to  the  southward  spread  of 
auroral  zone  absorption,  but  it  is  better  than  normal  at  0700Z  and  0800Z 
because  the  sporadic  E  layer  has  also  spread  southward  following  the 
ring.  At  1200Z,  the  15.0  mc/s  signal  decreases  at  Winnipeg  and  urops 
out  at  Ottawa,  reflecting  the  beginning  of  thefoFZ  disturbance  in  the  lower 
latitudes . 

The  20.0  mc/s  signal  is  not  received  at  all  on  13  September  at  Resolute 
Bay.  At  Baker  Lake  and  Churchill,  this  frequency  has  some  Es  support 
during  the  first  half  of  the  day,  but  the  lack  of  reception  at  Baker  Lake  and 
depressed  quality  at  Churchill  after  midday  are  due  to  the  breakup  and  dis¬ 
sipation  of  the  Es  layer.  The  southward  movement  of  Es  allows  sporadic 
reception  at  Winnipeg  between  0400  and  1200Z,  a  period  when  the  signal  is 
not  normally  expected.  The  spread  of  the  foF2  disturbance  causes  a  loss  of 
signal  at  Winnipeg  due  to  MUF  failure  after  1900Z  on  the  13th,  and  the  sig¬ 
nal  remains  out  for  nearly  forty  hours.  Ottawa  does  not  receive  20.0  mc/s 
at  all  during  13  September. 

On  25.0  mc/s,  signal  qtiality  is  zero  throughout  13  September,  except  for 
two  hours  (0400  and  0500Z)  of  excellent  reception  at  Baker  Lake  which  can 
be  attributed  to  Es  support. 

4.  14  September  1957 

By  the  beginning  of  14  September,  the  PCA  has  subsided  and  D-region  ioni¬ 
zation  ( igtin  values)  over  the  polar  cap  has  returned  to  normal.  Some  patchy 
regions  of  high  from  the  breakup  of  the  auroral  ring  disturbance  are 
still  in  evidence  at  the  lower  latitudes.  Also,  by  14  September,  thefoFZ 
disturbance  is  fully  developed.  These  changing  ionospheric  patterns  are 
still  quite  evident  in  the  WWV  reception  data  of  figure  4. 

Resolute  Bay,  Baker  Lake,  and  Churchill  receive  2.5  and  5.0  mc/s  during 
the  night  hours  (from  0200  to  0800Z);  reception  at  Ottawa  is  normal,  but  the 
remaining  patches  of  high  f„i„  cause  a  loss  of  signal  at  Winnipeg  (0500). 

Reception  of  10. 0  me /s  is  normal  at  Resolute  Bay,  B£dcer  Lake,  and  Church¬ 
ill  because  10.0  mc/s  is  below  the  MUF  for  these  paths  despite  depressed 
F2  critical  frequencies.  However,  un  the  relatively  short  padi  from  Wash¬ 
ington  to  Ottawa, the  MUF  at  0800Z  drops  below  10.0  mc/s,  with  a  corre¬ 
sponding  signal  reception  decrease  to  fair  quality. 

Because  of  the  F2  disturbance,  MUF  failure  has  prevented  reception  of  15.0 
me /a  at  Ottawa  until  late  in  the  day  when  foF2  returns  to  normal  at  the  lower 
latitudes.  Winnipeg  reception  is  affected  similarly.  For  the  longer  paths 
to  Churchill  and  Baker  Lake,  15.0  mc/s  is  below  the  MUF  most  of  the  day. 
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and  complete  signal  outage  Is  observed  for  only  two  hours  at  each  of  die  two 
stations.  Reception  at  Resolute  Bay,  being  primarily  by  a  two-hop  (F-layer) 
mode,  is  worse  dian  at  Baker  Lake  and  Churchill  on  14  September  because 
the  higher  angle  of  incidence  which  is  associated  with  the  double  hop  allows 
more  frequent  MUF  failure. 

The  20.0  mc/s  frequency  does  not  come  in  at  all  at  Winnipeg  on  14  Septem¬ 
ber,  and  is  not  received  until  its  expected  diurnal  rise  time  (1200Z)  on  the 
following  day.  As  expected,  20  mc/s  at  all  five  stations  is  affected  more 
seriously  by  MUF  failure  than  is  15.0  mc/s. 

Reception  qtiality  of  all  the  higher  frequencies  is  undoubtedly  affected  by 
fading  due  to  multipath  and  offpadi  reception,  and  skipping,  which  may  be 
introduced  by  rapid  changes  in  the  ionosphere.  Also,  the  reception  quality 
at  higher  latitudes,  especially  near  the  auroral  zone,  is  seriously  affected 
by  "flutter"  fading  (Yeh  and  Villard,  I960). 

5.  15  September  1957 

Even  on  the  15th  (not  shown),  radio  conditions  have  not  yet  returned  to  nor¬ 
mal  throughout  the  geographical  area  under  study.  The  lower  frequencies 
(2.5,  5.0,  and  10.0  mc/s)  have  essentially  recovered  at  all  stations,  but 
the  higher  frequencies  still  reflect  some  residual  effects  of  diefoFZ  dis¬ 
turbance  until  around  1200Z.  As  on  the  previous  day,  reception  of  20.0 
mc/s  is  worse  than  that  of  15.0  mc/s. 

From  the  foregoing  step-by-step  study,  the  general  features  of  die  disturbed 
radio  conditions  emerge  as  follows: 

a.  The  decrease  in  reception  quality  on  the  lower  frequencies  occurs 
first  at  the  higher 4atitude  stations,  and  later  at  the  more  soutiierly 
stations.  Normal  reception  returns  first  at  the  high -latitude  stations 
and  later  at  the  stations  near  and  south  of  die  auroral  zone.  This  be¬ 
havior  corresponds  to  the  development  of  the  PCA  event  and  subsequent 
auroral  zone  absorption. 

b.  Proceeding  up  the  frequency  scale,  reception  is  less  affected  by 
absorption,  as  expected  on  the  basis  of  magneto-ionic  theory. 

c.  The  higher  frequencies  are  affected  first  at  the  lowest-latitude 
station,  and  later,  at  the  higher-latitude  stations  in  accordance  with 
the  spread  of  the  foF2  disturbance.  Also,  recovery  is  last  at  the  high¬ 
est  latitude,  where  the  foF2  disturbance  persists  longest. 
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d.  A  full  day  elapaea  between  the  time  the  lower  frequenciea  are  loat 
through  abaorption  and  the  higher  frequenciea  have  failed  becauae  of 
depreaaed  MUF.  Moreover,  the  lower  frequenciea  are  largely  re¬ 
covered  by  the  time  that  the  foF2  pattern  becomea  highly  diaturbed. 

Thia  behavior  ia  in  agreement  with  the  morphology  of  the  ionoapheric 
diaturbance. 

e.  Strong  signals  due  to  Es  support  are  received  at  those  stations 
(primarily  Baker  Lake  and  Churchill)  which  are  properly  oriented  with 
respect  to  the  sporadic  E  regions  and  the  transmitter  at  Washington. 

E.  OUTAGE  TIMES  DURING  DISTURBANCE 

For  application  to  practical  communications  into  polar  regions,  it  is  instructive 
to  consider  the  outage  periods  for  all  frequencies  at  all  stations.  For  this  pur¬ 
pose,  the  signal  ia  considered  to  be  "in"  if  the  reception  quality  is  reported  as 
fair  or  better  (quality  index  2,  3,  or  4),  and  "out"  if  the  signal  is  poor  or  use¬ 
less  (index  1  or  0).  On  this  basis,  figure  9  has  been  constructed  to  show  the 
outages  for  12,  13,  and  14  September, including  the  September  quiet-day  aver¬ 
age  reception  for  comparison.  The  presence  of  a  horizontal  line  indicates  that 
the  signal  is  "in"  on  the  corresponding  frequency. 

Considering  first  the  quiet-day  chart,  it  is  to  be  noted  that  reception  is  possible 
on  some  frequency  for  24  hours  a  day  at  all  stations,  with  tlie  lone  exception  of 
one  hour  (between  1500  and  1600Z)  at  Resolute  Bay  when  no  frequency  is  re¬ 
ceived.  Thus,  during  quiet  conditions,  it  is  practically  always  possible  to  main¬ 
tain  hf  communications  into  tihe  Arctic  by  proper  choice  of  operating  frequency. 

However,  during  disturbed  conditions,  there  are  periods  of  time  in  which  no 
high  frequency  is  usable,  due  to  either  high  absorption  or  low  MUF  or  a  com¬ 
bination  of  both.  During  the  particular  ionospheric  storm  under  consideration. 
Resolute  Bay  is  able  to  receive  WWV  for  only  three  hours  (from  1900  to  Z200Z, 

12  September)during  the  34-hour  period  from  lOOOZ,  12  September  to  2000Z, 

13  September.  A  second  complete  outage  (no  frequency  usable)  occurs  at  Res¬ 
olute  Bay  on  14  September,  between  1600  and  1900Z.  Complete  outage  occurs 
for  lesser  periods  of  time  at  the  other  four  receiving  stations,  as  is  evident 
from  figure  9. 

It  is  obvious  that  Resolute  Bay  suffers  most  from  the  disturbance,  but  it  is  pos¬ 
sible  that  this  station  may  have  received  signals  from  other  transmitters  located 
within  the  polar  region,  say,  at  Baker  Lake,  for  example. 

This  speculation  cannot  be  substantiated  with  die  present  data  of  course.  The 
most  remarkable  feature  of  the  information  which  is  presented  in  figure  9  is 
diat  Winnipeg,  Churchill,  and  Baker  Lake  reported  so  few  hours  of  complete 
outage,  considering  that  the  12-14  September  storm  was  one  of  the  most  severe 
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during  the  18  months  of  ICY.  How6vor«  ns  shown  in  fhe  foregoing*  the  different 
frequencies  are  affected  at  different  times  due  to  the  morphological  development 
of  the  ionospheric  storm. 

It  is  suggested  that  it  would  have  been  possible  to  maintain  communications  to 
the  Arctic  throughout  the  12-14  September  disturbance  if  a  frequency-link - 
switching  network  such  as  that  which  has  recently  been  proposed  by  Macdonald* 
Penndorf*  and  Hill  (1961)  were  in  operation  at  the  time. 
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m.  CONCLUSIONS 


During  quiet  conditionti  reception  of  WWV  in  the  polar  latitude!  ehowe  definite 
diurnal,  eeaeonal,  and  latitudinal  variation  charaeterietice.  Quality  of  the 
lower-frequency  eignals  appeare  to  depend  primarily  on  the  abaorption  charac- 
teriatics  of  the  D  region,  whereaa  the  behavior  of  the  higher  frequenciea  ia 
cloaely  aaaociated  with  the  F  region. 

In  the  high  aunapot  yeara  of  1957  and  1958,  15.0  mc/a  ia  received  practically 
all  of  the  time  at  all  five  atationa  on  magnetically  quiet  daya,  and  thua  ia  the 
most  reliable  frequency  to  uae.  However,  during  years  of  low  solar  activity, 
when  critical  frequencies  are  lower,  15.0  mc/s  may  be  too  high  to  be  the  most 
reliable. 

During  the  ionospheric  and  geomagnetic  disturbance  of  12-14  September  1957, 
reception  of  WWV  in  northern  Canada  closely  follows  the  morphology  of  the 
disturbance.  The  lower  frequencies  are  affected  primarily  by  the  PCA  event 
and  auroral  zone  absorption,  while  the  higher  frequencies  reflect  the  storm¬ 
time  behavior  of  the  F  region. 

Despite  the  fact  that  the  reception  quality  is  assessed  by  aural  monitoring,  and 
thus  subject  to  personal  bias,  the  agreement  between  the  reported  data  and 
associated  ionospheric  disturbance  is  good. 
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